The effect of photoperiodic history on the neuroendocrine response to intermediate daylengths (11)(12)(13).5 hr of light) was investigated in the male Syrian hamster. The duration of the nocturnal peak of pineal melatonin content was inversely proportional to photoperiod and independent of photoperiodic history. Serum levels of prolactin were lower in animals exposed to shorter photoperiods. Photoperiodic history had little effect on the response of serum prolactin to intermediate daylengths. Serum luteinizing hormone (LH) concentrations were also lower in shorter photoperiods, but in addition were sensitive to the direction of photoperiodic change, so that a single photoperiod could be interpreted as either stimulatory or inhibitory to LH secretion. This effect of photoperiodic history was expressed at intermediate photoperiods with 12-13.5 hr of light. The sensitivity of serum follicle-stimulating hormone (FSH) levels to photoperiodic history was masked by an early onset of photorefractoriness. Testicular size and serum testosterone levels revealed weaker effects of photoperiodic history; these were attributed to the dissociation between gonadotrophin and prolactin secretion induced by intermediate daylengths. The contrasting effects of photoperiodic history on the secretion of LH and prolactin may represent the expression of multiple photoperiodic timemeasuring systems.
but suppress activity in the Djungarian hamster (Bittman et al., 1983; Carter and Goldman, 1983 ; Bartness and Goldman, 1988) . In pinealectomized Syrian hamsters, nightly programmed infusions of melatonin 10 hr in duration mimic the effects of a 16-hr night and inhibit the secretion of gonadotrophin, whereas infusions of shorter duration are ineffective (Bonnefond et al., 1989) . Extension of the melatonin signal may introduce melatonin into a phase of the circadian cycle during which the brain is sensitive to the inductive effects of melatonin (Stetson and Watson-Whitmyre, 1984) . However, pinealectomized animals are equally sensitive to programmed infusions of melatonin delivered at any phase of the light-dark (LD) cycle, and the overall duration of the signal appears to be the more critical factor in determining the photoperiodic response (Carter and Goldman, 1983; Bittman, 1984; Wayne et al., 1988 ; Bartness and Goldman, 1988) .
Within a species, a particular photoperiod or melatonin profile may not always produce the same endocrine response. Hamsters left in a fixed short photoperiod for several months eventually become reproductively active, despite the unvarying exposure to the previously inhibitory daylength (Matt and Stetson, 1979; Reiter, 1983) . Even if the photoperiod is shortened further, this photorefractory state is maintained. Experiments in sheep and hamsters have shown that photorefractoriness is not the result of changes in the generation or shape of the melatonin signal, but is caused by an alteration in the way in which the signal is either read within the brain or translated into neuroendocrine function (Bittman, 1978; Karsch et al., 1986; Malpaux et al., 1987) . The interpretation of a particular photoperiod or melatonin signal may therefore depend upon the photoperiodic history of the animal concerned. Sheep become estrous after exposure to shortening daylengths, irrespective of their absolute duration (Yeates, 1949) ; and in both adult and pubertal sheep and Djungarian hamsters an intermediate daylength (LD 13:11) can be read as either stimulatory or inhibitory, according to the length of the preceding photoperiod (Hoffman et al., 1986; Stetson et al., 1986; Robinson and Karsch, 1987; Foster et al., 1988) .
The secretion of prolactin and gonadotrophins is influenced by changing photoperiods, but in different ways according to species. Gonadotrophin secretion can be activated or inhibited by either increasing or decreasing daylengths, whereas prolactin levels are generally increased during the spring and reduced during the autumn (Lincoln and Short, 1980; Martinet et al., 1984) . The present study investigated the hypothesis that relative changes in daylength would be important in the control of photoperiodic function in the male Syrian hamster, but that the nature of this control would differ for gonadotrophins and prolactin. The photoperiodic responses of a range of hormones were measured in hamsters transferred to intermediate photoperiods, via either an increase or a decrease in daylength. If the direction of photoperiodic change were important to an animal, photoperiodic history would be expected to influence the interpretation of a particular daylength, and its corresponding pineal melatonin signal, in a predictable manner. However, the role of photoperiodic history could vary among different neuroendocrine responses.
MATERIALS AND METHODS
Adult male Syrian hamsters (Wrights, Essex, England; approximate weight 110-125 g) were housed for 4 weeks, eight per cage, with lab chow and water available ad libitum under a long-day photoschedule of LD 16:8 (lights-on at 0100 hr). During the dark phase, animals were exposed to dim red light.
EXPERIMENT I Fifty animals remained on LD 16:8, and 70 were transferred to a short-day photoschedule of LD 8:16 by a symmetrical extension of the dark phase (lights-on at 0500 hr) (Table 1 ). After 7 weeks all animals in LD 8:16 had undergone testicular regression, as determined by scrotal palpation. Thirty were switched to an intermediate photoperiod of LD 12:12 (lights-on at 0300 hr) (8-12 group), and the rest remained on LD 8:16 (short-day control). At the same time, 30 animals from LD 16:8 were also switched to the intermediate photoperiod of LD 12:12 (16-12 group), and 20 remained on LD 16:8 (long-day control). Following a further 7 weeks under these photoschedules, the animals were sacrificed by cervical dislocation at 2-hr intervals through the dark phase and into the light phase. Animals were decapitated; trunk blood was collected and stored overnight at 4°C; and the pineal gland and brain were immediately removed and frozen on dry ice. The testes were dissected free and weighed. Serum was harvested the following day, and all samples were stored at -70°C prior to assay.
To verify that under the conditions described, exposure to LD 8:16 for 7 weeks suppressed gonadotrophin secretion and induced gonadal atrophy, blood samples were taken by cardiac puncture under Avertin (tribromoethanol/tertiary amyl alcohol) anesthesia from a separate group of 32 animals on the day of transfer from LD 16:8 to LD 8:16 and again 7 weeks later. In addition, after 7 weeks in LD 8:16, 16 animals were killed by cervical dislocation, and the testes were dissected free and weighed. At this stage the animals had undergone testicular regression as determined by scrotal palpation. Serum was harvested the following day and stored at -70°C prior to assay.
EXPERIMENT 2
The aim of the second experiment was to determine whether the expression of differential photoperiodic responses to intermediate daylengths was a transient feature, or would persist with maintained exposure to LD 12:12. Animals experienced the same photoperiodic manipulations as in Experiment 1, except that the groups were smaller (10 animals per group), and the final phase was prolonged so that groups 16-12 and 8-12 experienced 9 weeks in LD 12:12, and the long-day and short-day controls were in their respective photoperiods for a total of 16 weeks (Table 1) . Testicular regression was again confirmed after 7 weeks in LD 8:16 by scrotal palpation. The animals were sacrificed 2 hr before lights-off; paired testes weights were recorded and trunk blood was collected for serum.
EXPERIMENT 3
The aim of the third experiment was to determine whether relative reading of the intermediate photoperiod could be expressed over a range of daylengths between 11.5 and 13.5 hr. Forty-seven animals were transferred to LD 8:16 and 56 were held on LD 16:8 for 7 weeks, as described above. The exposure to the short-day photoschedule induced testicular regression. Groups of animals (6-10) from each photoschedule were then transferred to one of five intermediate photoperiods, ranging in 0.5-hr steps from 11.5 to 13.5 hr of light per day. In addition, six animals remained in LD 16:8 and six in LD 8:16. All photoperiodic switches were symmetrical with regard to lights-on and lights-off. After a further 7 weeks, the animals were sacrificed by cervical dislocation 2 hr before lights-off; paired testes weights were recorded and trunk blood was collected for serum.
RADIOIMMUNOASSAYS >
Pineal melatonin content and serum testosterone were measured using antisera generously provided by Dr. J. Arendt and Dr. N. D. Martensz, respectively (Roberts et al., 1985a,b; Skene et al., 1987) . Interassay variations were 9.6% and 19.5%, and sensitivities were 0.03 pmol and 0.02 pmol per tube, respectively. Serum prolactin was determined using a homologous assay kit for hamster prolactin (Talamantes et al., 1984) . Interassay variation was 13.9% and sensitivity was 0.65 ng per tube. Serum luteinizing hormone (LH) was measured with an ovine-ovine assay with NIADDK rat LH as standard (RP 2), antiserum (number 15) kindly provided by Dr. G. D. Niswender (Colorado State University, USA), and hormone for iodination kindly provided by Dr. M. Justisz (CNRS, Gif-sur-Yvette, France). This assay has been validated for determination of serum LH in the Syrian hamster (Pickard and Silverman, 1979) . Interassay variation was 14.2% and sensitivity was 15 pg per tube. Serum follicle-stimulating hormone (FSH) was assayed with a kit for rat FSH, provided by NIADDK. Interassay variation was 9.5% and sensitivity was 0.63 ng per tube.
STATISTICS
Treatment effects were assessed by one-way and two-way analyses of variance (ANOVAs) of log-transformed data (to reduce group variance), and differences between means were determined with post hoc Student-Newman-Keuls tests. For Experiment 3, two levels of analysis were employed. To determine the effect of ambient photoperiod and photoperiodic history, a two-way ANOVA was performed on data from animals taken from either LD 16:8 or LD 8:16 and exposed to one of five intermediate photoperiods in a 2 x 5 design. A one-way ANOVA was then performed within a single history group, comparing animals in the five intermediate photoperiods with the corresponding control group remaining on either LD 16:8 or LD 8:16 to determine which photoperiods induced a significant change in hormone concentration.
RESULTS

EXPERIMENTS 1 AND 2
Exposure to LD 8:16 for 7 weeks induced testicular atrophy (paired testes weight 0.37 ± 0.07 g) and a pronounced suppression of serum gonadotrophin levels. Serum LH concentration was 1.36 ± 0.43 ng/ml at the start of the experiment and fell to 0.27 ± 0.06 ng/ml after 7 weeks in LD 8:16. At the same time, serum FSH levels declined from 5.51 ± 0.43 to 2.64 ± 0.12 ng/ml.
PINEAL MELATONIN RHYTHMS
Pineal melatonin content of the long-day controls, exposed to LD 16:8 for 14 weeks, displayed a pronounced nocturnal rhythm ( Fig. la ). Melatonin was low for the first long-day controls. However, the melatonin content of the pineals of short-day animals remained elevated (>0.45 pmol/gland) for approximately 11 hr, in contrast to approximately 4.5 hr in long-day animals.
Animals transferred from either LD 16:8 or LD 8:16 to LD 12:12 for 7 weeks also displayed a precise nocturnal rhythm of pineal melatonin content, F (5, 36) = 32.67, p < 0.01 (Fig. lb) . There was no significant difference between the melatonin profile in the two groups, F (1, 36) = 1.96, p > 0.05. Melatonin levels remained low for the first 4 hr of darkness, and then rose rapidly to peak values comparable to those seen in the long-day and short-day controls. Levels remained high for the rest of the dark phase, and fell with the onset of light, the duration of the melatonin peak being approximately 8 hr.
TESTICULAR SIZE
The size of the testes of animals exposed to LD 12:12 was affected by ambient photoperiod and photoperiodic history. For Experiment 1, F (3, 103) = 435, p < 0.01; for Experiment 2, F (3, 32) = 84.2, p < 0.01 ( Table 2 ). The testes of animals maintained on LD 16:8 were large, whereas those transferred to LD 8:16 for 14 or 16 weeks were atrophied. Transfer from LD 16:8 to LD 12:12 for 7 weeks also induced testicular regression, but transfer to the same photoperiod from LD 8:16 stimulated testicular growth. Although smaller than those of the long-day controls, the testes of animals in group 8-12 were significantly larger than those of either the short-day controls or animals in the 16-12 group, indicating that photoperiodic history influenced the response of the testes to LD 12:12. TESTOSTERONE The effect of LD 12:12 on serum testosterone was also dependent on the direction of photoperiodic change, although with prolonged exposure to LD 8:16 some of these effects were masked (Table 2) . For Experiment 1, F (3, 106) = 23.0, p < 0.01; for Experiment 2, F (3, 34) = 8.0, p < 0.01. In both experiments, testosterone levels in the short-day controls and the 16-12 group were significantly below those observed in the long-day controls. However, transfer to LD 12:12 via an increase in daylength (group 8-12) stimulated testosterone production, and serum levels were equivalent to those observed in the long-day controls. In Experiment 1, therefore, serum testosterone in group 8-12 was significantly higher than in the short-day controls and group 16-12. In Experiment 2 the pronounced difference between groups 16-12 and 8-12 remained, but levels in the short-day controls were higher than in Experiment 1, and the comparison with group 8-12 was no longer significant.
FOLLICLE-STIMULATING HORMONE
The response of FSH to LD 12:12 was clearly affected by photoperiodic history. Photoperiodic manipulations had a highly significant effect on serum FSH levels: For Experiment 1, F (3, 87) = 90.6, p < 0.01; for Experiment 2, F (3, 31) = 45.7, p < 0.01 (Table 2 ). In both experiments, transfer to LD 12:12 from LD 16:8 caused serum FSH titers to decline to approximately half of those for the long-day controls. However, prolonged exposure to LD 8:16 was associated with serum FSH concentrations above those seen in LD 16:8. FSH also increased in animals transferred to LD 12:12 from LD 8:16. In Experiment 1, FSH levels in group 8-12 were significantly higher than in short-day controls, although this effect was not seen in Experiment 2, in which the animals were held in LD 8:16 for a longer period.
LUTEINIZING HORMONE
Serum LH levels were significantly altered by photoperiod: For Experiment 1, F (3, 106) = 25.7, p < 0.01; for Experiment 2, F (3, 35) = 8.65, p < 0.01 (Fig. 2) . The intermediate photoperiod (LD 12:12) was read either as stimulatory or inhibitory to LH release, depending upon photoperiodic experience. LH titers were significantly lower in short-day than in long-day controls. LH levels fell following transfer from LD 16:8 to the intermediate photoperiod, whereas LH secretion increased after transfer from LD 8:16, reaching levels equivalent to those observed in the long-day controls and significantly higher than those in the 16-12 group. PROLACTIN Prolactin levels varied significantly with photoperiodic treatment in both Experiment 1, F (3, 106) = 65.6, p < 0.01, and Experiment 2, F (3, 33) = 18.7, p < 0.01 (Fig.  2) , with the highest levels in long-day controls. Transfer to LD 12:12 via a decrease in daylength (the 16-12 group) had an effect equivalent to exposure to LD 8:16 alone, and prolactin secretion was suppressed. Transfer to LD 12:12 via an increase in daylength (group 8-12) resulted in only a minor increase in mean levels, compared to those of the short-day controls. This difference was significant in Experiment 1 but not in Experiment 2. Prolactin levels in the 8-12 group were markedly below those of long-day controls but were significantly higher than those in the 16-12 group, although the difference was very small (Experiment 1, 1.68 ± 0.24 ng vs. 1.50 ± 0.40 ng; Experiment 2, 6.16 ± 2.26 ng vs. 1.83 ± 0.71 ng). Photoperiodic history appeared to have only a marginal influence on the response of prolactin secretion to the LD 12:12 photoperiod. There was, therefore, a clear dissociation between the responses of LH and prolactin to LD 12:12. EXPERIMENT 3 TESTICULAR WEIGHT Testicular weight showed highly significant effects of both ambient photoperiod F (4, 82) = 20.9, p < 0.01, and photoperiodic history (Fig. 3) . Within the group originally held in LD 8:16, testicular weight increased with photoperiod, F (S, 41) = 19.22, p < 0.01, following transfer to daylengths of LD 12:12 and above when compared to animals remaining in LD 8:16. With decreasing photoperiod, the progressive decline in testicular weight, F (5, 50) = 18.15, p < 0.01, was significant at all intermediate photoperiods when compared with long-day controls. Overall, animals transferred from LD 8:16 had larger testes than animals transferred to the same photoperiod from LD 16:8, F (1, 82) = 7.51, p < 0.01. These differences were small after exposure to an intermediate photoperiod with 12.5 hr of light or less, but were significant at longer photoperiods. In all cases, the testes were smaller than in animals held permanently in LD 16:8. TESTOSTERONE Serum testosterone was also very sensitive to both ambient photoperiod, F (4, 81) = 32.1, p < 0.01, and photoperiodic history, F (1, 81) = 6.6, p < 0.01 (Fig. 4a ). However, the influence of photoperiodic history was only expressed over a limited range of intermediate daylengths. Transfer from LD 8:16 to intermediate daylengths produced a significant increase only in 13 and 13.5 hr of light, F (5, 40) = 29.2, p < 0.01. Reduction in photoperiod caused a significant fall in serum testosterone levels in all groups, F (5, 49) = 16.32, p < 0.01. At photoperiods with 12.5 hr of light or less, testosterone levels were very low in all groups, and there was no obvious effect of photoperiodic history. In contrast, in the groups placed into 13 and 13.5 hr of light, animals transferred from LD 8:16 had higher testosterone levels than animals entering the same photoperiods from LD 16:8. The critical daylength for stimulation of testosterone levels lay between 12.5 and 13 hr of light, whereas that for suppression of testosterone production lay between 16 and 13.5 hr of light.
The response of serum LH levels to intermediate photoperiods also demonstrated a pronounced hysteresis, with significant effects of both ambient photoperiod, F (4, 79) = 21.9, p < 0.01, and photoperiodic history, F (1, 79) = 11.3, p < 0.01 (Fig. 4b) . LH levels rose markedly in animals experiencing photoperiodic increases, F (5, 41) = 13.14, p < 0.01. This was significant after transfer to LD 12:12 and above. With declining photoperiod, transfer to 13 hr of light caused a nonsignificant increase in serum LH, but overall the tendency was for LH levels to fall, F (5, 47) = 14.16, p < 0.01. This was significant at photoperiods with 12 hr of light or less. At all intermediate photoperiods above 11.5 hr of light, LH levels in animals transferred from LD 8:16 were significantly higher than those of animals tranferred from LD 16:8. The critical photoperiod for stimulation of LH lay between 11.5 and 12 hr of light, whereas that for inhibition following decreased photoperiods lay between 12.5 and 12 hr. 
FOLLICLE-STIMULATING HORMONE
There were significant effects on serum FSH levels of both ambient photoperiod, F (4, 55) = 3.11, p < 0.05, and photoperiodic history, F (1, 55) = 190.8, p < 0.01 (Fig.  4c ). Transfer from LD 16:8 to shorter photoperiods led to a progressive decline in FSH, F (5, 34) = 6.09, p < 0.01, which was significant at photoperiods of 12.5 hr of light or less. Overall, serum FSH levels fell to about one-quarter of those seen in animals kept in LD 16:8. Animals maintained in LD 8:16 had very high levels of FSH (approximately double those of animals in LD 16:8), and transfer to intermediate daylengths had no further effect, F (5, 26) = 0.79, p > 0.05. These high FSH levels in LD 8:16 contributed to the very pronounced effect of photoperiodic history on FSH levels. PROLACTIN Serum prolactin levels in this experiment, as in the previous two, were more sensitive to the ambient photoperiod than to the direction of the photoperiodic switch. Higher serum levels were observed in animals exposed to longer photoperiods, F (4, 79) = 28.5, p < 0.01 (Fig. 4d ), but prolactin secretion was not affected by photoperiodic history, F (1, 79) = 1.9, p > 0.05. There was a common relationship between serum prolactin and the ambient photoperiod for both groups. Transfer from LD 8:16 to longer photoperiods produced significant increases in serum prolactin only in the 13.5 group, F (5, 39) = 11.06, p < 0.01, and transfer from LD 16:8 to 13 hr of light or less induced significantly lower serum prolactin levels, F (5, 49) = 19.15, p < 0.01. The critical daylength for the control of prolactin secretion therefore lay between 13 and 13.5 hr of light, and was independent of photoperiodic history.
DISCUSSION
These experiments show that the gonadotrophic system of male hamsters is sensitive to relative changes in daylength. The effect of photoperiodic history was most pronounced for LH, although testicular weight and testosterone secretion showed comparable but less marked responses. Discrimination of photoperiodic history implies the existence of a mechanism capable of comparing the duration of consecutive photoperiods, which may utilize some form of photoperiodic &dquo;memory.&dquo; This mechanism is a selective one, however, since a second neuroendocrine response to photoperiod, the secretion of prolactin, was independent of photoperiodic history.
The melatonin content of the hamster pineal displayed a pronounced nocturnal rhythm (Tamarkin et al., 1979; Rollag et al., 1980) . The duration of the nocturnal melatonin peak varied in direct proportion to the length of the dark phase (Roberts et al., 1985b; Hastings et al., 1987; Skene et al., 1987) , and, as reported in other species, was not influenced by photoperiodic history (Hoffmann et al., 1986; Robinson and Karsch, 1987) .
The divergent reproductive responses based on prior photoperiodic experience (LD 8:16 vs. LD 16:8) therefore raise two hypotheses. Transfer of animals from 8 hr of light to photoperiods between 12 and 13.5 hr of light may have induced an early onset of photorefractoriness, leading to testicular recrudescence in advance of the control animals left on LD 8:16. Such a mechanism would have been selective for gonadotrophin secretion, and would involve a profound sensitivity to photoperiod to be expressed within 7 weeks. It is not clear at present whether the rates of photoinhibition and gonadal recrudescence in the Syrian hamster are sensitive to ambient daylength. The alternative interpretation of these data is that the target for melatonin action is capable of discriminating the direction of a change in daylength. The increase in gonadotrophic activity reported in animals moving from 8 hr of light would therefore represent a true photostimulation rather than a precocious onset of refractoriness.
The clearest and most robust effects of photoperiodic history were seen with LH secretion. In the ovariectomized, estrogen-implanted ewe, a photoperiod of 13 hr of light may lead to either stimulation or inhibition of LH release, depending upon the direction of a 3-hr change in daylength . In the hamster, transfer to 12 hr of light could similarly stimulate or inhibit LH levels, depending upon the direction of a 4-hr switch. In Experiment 3, this effect of photoperiodic history was expressed over a wide range, between 12 and 13.5 hr of light. The magnitude of the real difference in LH secretion may have been even greater than that observed with single serum samples. A significant decline in LH was observed only after transfer from LD 16:8 to photoperiods of 12 hr of light or less, even though the testes of the animals in 13 and 13.5 hr of light had regressed relative to those of long-day controls, indicating a decline in gonadotrophic stimulation. Single determinations of LH levels may not be sufficiently sensitive to identify important reductions in LH pulsatility caused by photoperiodic stimuli (Lincoln and Short, 1980; Karsch et al., 1984; Swann and Turek, 1988) . Photostimulation of LH secretion produced very high levels in hamsters moved from LD 8:16 to 13 and 13.5 hr of light, exceeding those observed in controls held permanently on LD 16:8. This was presumably related to the temporal sequence of gonadal stimulation, in which circulating gonadotrophin titers are initially very high (Lincoln and Short, 1980) . Hamsters with contrasting photoperiodic histories also shared differences in steroidal history. Exposure to LD 8:16 for 7 weeks suppressed gonadotrophin secretion and induced testicular atrophy, which is accompanied by low serum testosterone levels (Hastings et al., 1987) , whereas animals held on LD 16:8 would have been exposed to high levels of testosterone throughout the first part of the experiment. These differences in endogenous testosterone may possibly have altered the response of the LH-releasing hormone (LHRH) system to the intermediate melatonin signal. However, this interpretation cannot be applied to the results of Robinson and Karsch (1987) , where photoperiodic history influenced LH levels in the presence of a constant steroidal environment. Furthermore, LH was stimulated in hamsters transferred to longer photoperiods, even in the presence of high testosterone levels, which would be expected to suppress LH levels. Photoperiodic history rather than steroidal history is responsible for the differential responses of serum LH to intermediate photoperiods.
Photoperiodic history had a major influence on serum FSH concentrations. However, it is not possible to determine the relative contribution to this effect of a sensitivity to the direction of photoperiodic change and the development of photorefractoriness, both of which may have contributed to the high FSH concentrations observed in animals moving from LD 8:16 to a longer photoperiod. In Experiment 1 there was certainly evidence for a directional sensitivity, but in all three experiments FSH was the first hormone to exhibit photorefractoriness (Matt and Stetson, 1979; Stetson and Tate-Ostroff, 1981) .
The regulation of prolactin secretion was relatively insensitive to photoperiodic history, and the critical daylength for stimulation or suppression of prolactin secretion was between 13 and 13.5 hr of light, significantly higher than that for LH or FSH. In the Djungarian hamster, photoperiodic control of reproduction and pelage color, which are dependent on gonadotrophin and prolactin, respectively, also differ in their critical photoperiod (Duncan et al., 1985) . Similar dissociations between gonadotrophin and prolactin have been observed in photorefractory sheep (Worthy and Haresign, 1983; Karsch et al., 1986) and emphasize the point that different neuroendocrine systems use the photoperiodic information derived from the melatonin signal in different ways. Seasonal regulation of the secretion of prolactin and that of LH are probably controlled by different photoperiodic systems. Although both depend upon the melatonin signal, they have different critical photoperiods; moreover, the system controlling the secretion of prolactin is sensitive only to the ambient melatonin signal and not previous melatonin signals, whereas that for LH secretion is also sensitive to directional stimuli. Testicular growth demonstrated small but highly significant differences in photoperiods between 12 and 13.5 hr of light, depending upon prior exposure to shorter or longer photoperiods. Testosterone levels also revealed similar history effects, albeit over a more restricted range of intermediate photoperiods, and the precise nature of the history effect varied between experiments. The interaction between gonadotrophins and prolactin in the control of testicular function is well established (Bartke et al., 1980) . Only when prolactin levels were elevated above those seen in short-day control animals were the history effects on LH translated into differences in testicular weight and testosterone secretion. Similar effects of photoperiodic history on testicular development have been described in rabbits (Boyd, 1986) and Djungarian hamsters (Hoffmann et al., 1986) . Single populations of Syrian hamsters with a common photoperiodic history exhibit a very precise discrimination of daylength, with a critical photoperiod for testicular growth of about 12.5 hr of light (Gaston and Menaker, 1967; Elliott, 1976 ). In the present study, transfer to 13.5 hr of light induced gonadal atrophy. A similar effect is revealed by close inspection of the data of Gaston and Menaker (1967) , and Rusak (1988) has recently demonstrated that a transfer from 16 to 14 hr of light may cause some gonadal regression, particularly if the animals are mildly stressed. In the population studied by Elliott (1976) , 13.5 hr of light maintained active testes, and so it is apparent that within a species the position of the critical photoperiod may be genetically determined or may vary as a function of individual photoperiodic history. The concept of a single critical photoperiod may require qualification .
Sensitivity to the direction of photoperiodic change enables an animal to distinguish different parts of the annual cycle relative to the solstices. Most reproductive cycles are distributed asymmetrically about the year; that is, animals enter breeding condition at the autumn or spring equinox, anticipating the onset of spring or summer. Relative reading of daylength enables an animal to generate such an asymmetrical annual cycle in the presence of symmetrical changes in daylength. A newborn animal, exposed to a photoperiod for the first time, would benefit from having acquired a photoperiodic memory from the mother (Stetson et al. 1986 ), but it is not yet known at which stage within the adult reproductive cycle of individual species directional sensitivity would be important; nor is it clear how this mechanism is distinct from, and interacts with, photorefractoriness. The brain may be sensitive to photoperiodic history over only a limited range of intermediate daylengths, such as those reported in these studies (between 12 and 13.5 hr of light per day). Alternatively, this limited range may not be an absolute property of the photoperiodic apparatus, but can itself be determined by photoperiodic history. In the Djungarian hamster, changes in daylength of 4 hr can lead to photoperiodic responses even at extremes of the photoperiodic range (Rivkees et al., 1988) . Such a continuing readjustment would maintain directional sensitivity throughout the year.
In contrast to breeding cycles, molting occurs symmetrically about the solstices, in both spring and autumn (Lincoln and Short, 1980; Martinet et al., 1984; Rougeot et al., 1984) , being driven by an appropriately symmetrical cycle in the rate of prolactin secretion. Such symmetry would be predicted for a system responsive only to ambient photoperiod and devoid of directional sensitivity. The absence of a directional sensitivity in the control of prolactin and/or molting in the adult hamster may be an important adaptive feature.
